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in the 19th and 20th Century

Scholars of the 18th century such as Leonhard Euler, Dankel Bernoulli
and Jobann Heinrich Lambest bad been mathemaicians as well as physicists.
With the accumulation of knowledge, the development of specific methods und
the increasing number of scholars the scientific comimualty 5 up. Maihe-
matics and physics developed to independent disciplines with specifie profes-
sorships, joucnals and of course specific methods. . Mathematical physics, or
theorctical physics, 15 it was called later on, wis widely neglected ot even despis-
«d by physicists and, for different ressons, 15 well by mathemaricians.

There had been always important scholars warking in the field, but nevecthc-
Jess this negative arcitude had an impact n the development of theoretical phy-
sics. 1o 1989 Wilhelm Wien described the sitvation:

_ As we now know, this vision sbout the dise of thcorstioal physics was
confirnied by the cyents, But firse we have 1o spoak about the 19th centucy,
0 which most of this paper is devoted.
Ak we will sce, society a3 a whole played a rather important role. Ta tak-
dick el o

Ing sacisl Twill go beyond the p

“mente, on which today’s thematic session will concentrate.  Speaking about
‘social conditions, it makes sense to concentrate on one country. 1 have chosen
Germany, for the obvious reason that the archives are best available for me, but
also for the fact that in this country the tise and fall of theoretical physics was

() A Hiasoos, Univenine Statigart.
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more extreme than in any other case, T will spesk first about the scientific com-
munity of physiciss and then about the mathematicians to demonsorate how
peejudices developed against mathematical physics in the 19th century. Afier
that T will deal with mathematical physics for jsclf.

L Tun sgnt crvrune
11 - Tie plysiists

For the physicises Tsaac Newton was the great hero, They repeated his
** pporbeses non fingo ™ i ull versions and expressed an extremely negative attitude
t0vwards speculation. ** No step wid o i wi (@),
Georg Cheistoph Lichtenbery of Gittingen advised all his collegucs st the
end of the 18th century.

The Heldelberg physicist Georg Wilhel Muncke rgued in 1833, that
physics “ needs. much more observations and experiments than calculus and
geometry ™ (3).  Jobann Cheictian Poggendorfl, the editas of the Ammaler dr
Pisik end Clemi, explained in 1847, that his foutnal had to deal with experi.
mental rescarches, and that he had 1 refisse theoretical arcicles. He indeed cefus-
o in 1842 and in 1847 the papers of Julius Robert Mager and of Hermann von
Helmboltz on the conservation of cnergy. — Gustay Magnus of Berlin gave
sepeatedly scrious wamings ta young physicists not to deal too much with
mathematies (4).

Only experimental physics was regarded real profestional physics. It
was. extremely important thecefore for a physicisr, to have, I his collection,

Instruments. The appacatus. sequired for research and demonstration in
the lectutes became more and mote. expensive, and everywhere the phy
spplicd fos fands. ‘Thhe govemnments of the various kingdoms and grand-duchics
really jgave money. Such a eollection of lnstruments, generaly stored in & special
oo, was called abéne e pbysiw, Around 1830 the physicists were not loagee
happy with their cabiners and wanted fnstitutes: * The physieal irstitute fs

o of groups and classes the physicists bad thels
hopes,  Above sl they wasted for every Prustian and German wniversity 1a
own institute of physics (6). Such an institate was built actually at every nniveity
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and polytechnical highschool, with a delay of two decades however. After the
FPranco-Prossian war these was a boom of new institutes. OF interest for us is
the social structare at these institutes.  Similar to the society of the time there
was & clear hierarchy in the scademic world. The university professors were
divided into thice groups. The lowest grade was the Prinedzens with (gener-
lly) a0 paymeat at all; sccond the sssaciate professar, 4 pennancat position
bur ncarly without any acadenic rights, and at the top the full professor of ordi-
narius. Only the ardinarius was meather of the faculty, with the power to decide
in matrers of his feld.

“This hierarchy was established a5 well a¢ the instivates.  The fall professor
was nominated director of the institute, and he alone decided whom he was
willing to give permission to.work with the instruments. Tt was 27 a rare exeep-
tion, bt rather regular, that the instiures were of limits for junior physicists,
off limits even if they were assochate professors. One of many cxamples is Fer.
dinand Braun, who got later on the Nobel prize together with Gugliclmo Mac-
coni, As he explained 1879 in  letter 10 the ministry, he was, sccordiog to his
scientific convictions, depending en experimental researches. But he could not
get permission from the chaiz-holder t vse the state owned instraments (7).

There were only two possibilities: to find another position (which was
estremely difficult) o o work on theoretical physics. So it was quite regular
(and indecd part of the nomination eontract), that the associate professar was
responsible for u.mmni physicy (8). So, theoretical physics was a sort of an
embarrassmcnt. the secoad choice, the of limits for cxperiments, The
ficld was dcinlrcly et point of view, the financial
point. Part of the salacy of a professor caume from the students, who attended
the courses. In ondinary or experimental physics students came from physics,
‘chemistry and medicine; in theoretical physics only advanced smadents of physics
ateended the courses, and 50 the numbers were much lower here

At each German uaiversity there was in the position of an associate profes-
sor ar Prisatdsest one, of more physicists, keturing on theosetical ph'vm:! and
reting fo 2 ll profemontip to b able to do sxperincal by

e e e S s o
Vet et 1670 Jesate in adstanial physica had. been held by physicists
5 well as by mathematicians. Towards the end of the century theoretical physics
was regarded as part of physics, In the official Prassisn regulatioas for secon-
dary school teachers theorerical physics was comprised in physics and not in
‘mathematics (9).

T now want to show why theoretical physics came into the hands of the
‘physicists.
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12— The matbeaticlans

The reputation of theoretical physics, which was low in the community
of physicists, was even lowee amongst mathematicians. Why? German univer-
sities. were formed sceording 10 the principles of Wilhelm von Humbold.
The old Pard pour Larf was one of these puinciples: Scicace must be doas for
jtself, and not to achieve benefts. In mathematics pusity became & strong postu-
Jot by, Kae] Wotoraram of el and hi ifdenchal madbersacical sebosly T
portan discoveries were made in pure mathematics throughout the 19th centiry,
but the impact on. the applications was rather restricted (10).

Where from do we have the professors of mathematics a1 our_techafcal
ghiehan? o the fimecsor of oat of thaos school ssied, 4nd e che anrwer
for himself, Genenally our leerures of mathematics had wo ed
ger years with 8 famous professor at one univeity [Weicrstzass at Beslin]. “They
Bave studicd carcfully advanced. topics in the eiory. of Sabers and highes
elliptic funcrions, but gaines na expecience at all in What we nocd, géomerric
discriptive (1)

Carl Runge explained in 1903, that the vast majocity of mathematicians

are poing into the weoag direction. According 1o Runge these mathenmiciany
were all working oa antificial problems without conmacr t0 reality and without

any sense for the art of calculating. Runge described the typical representative
of this majority:
Tt never happens to him to solve a problem leading to a differeatial equation
antil the !'H\‘G mcu\\mhhbc numerical cvaluation with definite coastants.
7 i o o oot fully masier a theory if be is

{12).

ot lnﬂr it o the special ease

Felix Klein, bom in 1849 and 35 years younger than Weierstrass, was a
strong apponent of the Weictstass' concepiion. Klein made himself a great
name in mathematics, but decided laes 0 devots most of his time for selcace
ists, engic
ncers and industrial mandgess, worked for the reformation of teaching and star-
ed the Matbemstical Engyelspedie, Kleln cooperated closcly with the Prussian
ministey of education and with indusery. He foanded the Gtingen Association
for the Advancemente of Applicd Mathematics to stimulatz cooperation ber-
ween science and industey for the bencfit of both sides, and to collect money
for selence. With money from industry five new institutes in Gottingen were
created, for cxample an fastitute for applied mathemties. Carl Runge was
appolated full professor. He developed numerieal methods w0 solve dificsential
equations, which were used in these days but of course much more today.
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Felix Klein convinced the Mllxmﬂmlﬁdm Amald Sommerfeld of his
idess. I 1898 Sommerfcld was nominated full professor st the techaical high-
school of Aschen. The greatest sucoess was, that this professorship was not
for mathcmatics, but for rechaical mechanics. - Sommerfekd wished 1o demon-
strate 1o the professons of the engincering departments, that it is possible to
develop technical mechanics on & eathematical basis both for seserch and for
teaching, Sommetfeld solved with mathematical methods some clussical pro-
blems of engineering, and his collegucs at Aachen were quite impressed. When.
after some years Sommerield Ieft the place this was regretted by the engineers,
bat they did not take a mathematician 15 his uceessor. The gencal feeling was
that Sommericld is & mathematician of & special kind, differeac feom neacly
all the others. When in 1920 the technical highschool of Statigare had an open-
ing for & professorhip in electtotechaology, they explicitly tried to find another
* Sommesfeld ",

To summasise in thore: Klein and Sommericld convinced quite a pumber
of engineers, that in the various fields of technology mathematical methods conld
be v ecesflly. Aroost mtbesatcim howerer,the otk remained

Felix Klein and his policy. When Sommerfeld pub-
ey theary of lubricant feiction, the mathematician Edmund Landau called
all applied mathematics " lubicant ail " as something, with which the real and
pure mathematicians docs not wank to make himsclf diety (13). In 1906 Sommes-
feld wat appolated full profcssor for theoretical physies at the university of
Munich.. His promoter had been the physiciss Wilkelm Contad Rontgen. Thete
was only onc staong opponcnt: the mathcmaricien Ferlinnd Lindeasana. A
Fommates of * pure mathematics ", Lindemann had been the first acidemic

of Sommefeld, before Sommerfeld decided to support Klein's posi-
ot s papem, he wrote in his counter-
proposal, are abjecrionshle from the mathematical point of view (14).

= Matlematical plysicr (1808-115)

After having discassed the attioade of physicists aod of mathematicians in
general lines, T now will discurs the development of mathematical physics for
tself, This will bring us hack, inevhtably, to the opiaion of the physicists.

Tn 1822 Joseph Fouries published his Thorie anshiigue de Ja chalenr, which
wus called lates on the * bible of mathematical physics . Heat is reganded as
& special fam of matter without weight. I passes through 1 conductor, for
example a cylinder of mctal. Mathematically the problem is o solve a differen-
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tial equation of a special kind for some boundary conditions. Depeading on the
form of tbe conductor the results are different kinds of fonctians, and one has
always to develop into serics, Fousier wotked not oaly with the Fourlee seties,
but also with higher trigonometrical functions, Bessel functions ctc.

This way - tackic problems was a great attraction for William Thomeon
in England, the hier Lord Kelvin, 10d for Georg Simon Ohm and Peanz Neu-
mang in Genmany. Ohm published in 1827 his book with
ysis of the strengh of electrical currents in wires of different lengths, Neumana
ereated at the university of Kiinigshers the carliest training center for mathe-
matical physics in Geemany (13). What was the opinion of the physicists shout
these achievements? We now want to show preciscly, what physicists thought
about Fourier and Ohm,

One typical judgement can be found in the important Physikadiiche War-
serbch ox Dictionary of Plysics, publithed from 1825 to 1845 in 20 volumes. Georg
Wilhelm Muncke of Heidelbery; wrote about the value of matheamatics i physics:

Since the times of Descartes nd Newion one had high estem for niathe.

BRtics, but it must be realized that mathematics had been used receatly i an
exsggerated way by a fow Frenchimen and uniil now by some Germans (16)

This opinian is in the lines of the general scepticism against all non-cxperimental
seseatches, The secand eaampk: is more intersting: Tt is u review about Fousiech
4nd Obim's books written by the Berlin physicist Georg Fricdrich Pohl, Fousiec's
work has Its metits, the reviewer explained, but the theory is without any value
for our perecption of mature, Foutier had stimulated mathematics, but not
physics. Ia sespect to the fundamental question “ Whar is heat ", Fourier
only used the oid and wrong concept, that it is 4 kind of matter withoat weight,
Ohm must be blanied with respeet o electricity fox the same reason (17),

Today we are faclined to sgree with this judgement. Tt is an important
part of theorctical physics to discuss the principks.  In 1914 Einstein had defi-
med for theorstical physics. two taaks (18);

1) Formulation of ptinciples, which are valid for  whole feld of phe-

nomens.

2) Deduction of the phenomena from the princlples.

Undoubtedly the fist and (iote: imporbant) task for thecetical physies was
neglected at that time, The critical remarks sbout Ohar’s work of 1827 were in
vain, Wh
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With s sanall group of fiends Pohl was an outsider in the sclentific commu-
nity. These outsiders were close to the romantic nararal philasophy. of Schel-

and Hegel. Por Schelling and Hegel observation and experiment was the
method of fools, speculation the method of genivses.  Schelling and Hegel and
all theit followers had no problems 1w explain in one theory all phenomena of
the ualverse. Fora physicist it was casy to realize that this alceady had been dane
i former times by Descartes, and since Newton everybody kaew, that theories
of this kind arc of no value st ll for physics

of Schelling’s kind caused amongst physicists a real hate against

new ideas. In the scientific community & new hypothesis was regarded s a first
step into the desert of speculation, in which it is so easy to lose ooc’s way.
When Hermann ven Helimholtz wanted to publish in 1847 his famovs ulk * On
the Conservation of Focce ”, the physical establishment was hiostile, They fear-
ed that these theoretical considecations might stimulate again the phantastic
ideas of Hegel's natunal philosophy (19).

1 summacise for the middle of the 19th ceatusy: The first snd most impar-
tant task of theoretical physics, a8 we sce it today, to find new principles, was

secognized. The reason was a gencral opposition agaiast speculation in all
forms. The second sk, regarded as
importust. e ot e e B e g
experimental method.

1.4 — The furtber. dessspment {11 10-190)

The social and scientific prejudices were unfavousble fos the facther deve-
lopment of theoretical physics. - Nevertheless there were always a fow scholars,
who were able to keep themselves fece from thess prcjadices. We have ta men-
tin first Hermann von Helmboliz, He was strictly agalnst specolation. 4 Ia
Schetling and Hegel, bue realized that it was indispensable to analyse the basic
pinciples. He worked oa clecirodynamics. Theze wis an older theory of Wil
hielm Weber, based on the concept of * force-at-a-distance ™.  James Clerk
Maxwell hddrv:lnped a new ficld theory, based on Faraday’s concept of foree,
MHelmholez cstablished 2 third theory, which contained both the theary of We-
bee and of Maxwell. Helmbolts dedced sy consequence the porsbilicy of
lengitudioal waves, When R 1895 his X-rays, b

‘elieved, that he bad found these loagirodioal waves.

Hehholtz tried also 10 find differences berween the two theories, and open-
ed the way for his student Heinrich Hertz. By a roathematical analysis Hertz
showed, that Weber's theory is incomplete. IF this theory s completed, the
tesult is Marwell's theory. So Helmiol: and Hertz successfully fulfilled what
Einstein lates called the first task of theorerical physics. But Helmholts also
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cealized the second task. Just 10 give oné example: be deduced from the fun-
damenaal laws of hydrodynamics cpecial solutions, the funcus vocies otion.

Helmholrz made also Important discoverics in the field. of experimental
physics. He had « full professorship for physiology and took over ia 1871
ehair for physics in Berlin. The Prassian governmen csblished for him the
biggest and best equipped physical institurc. Fot him experimental and thearet-
ical physics wee anly different methods of the same feld (20). To Folfill his wishes,
& scond chaic was established at the university of Berdin for Gustay Kirchhoff,
a chair for theoretical physics. Helmholts” idea was na? o concentrate now on
experimental physics, but simply to be relicved from his teaching burden. He
was & “star ", and the government fulilled generally bis wishes.

Latér on Max Planck spoke of * four stars ", which illuminated thearetical
pliysics azonnd 1880, and be had in mind Hermana von Helmboltz, Gusty
Kirchhof, Rudolf Clansius and Ludvwig Boltzmann (21). All of these occupied
full professorships. We will see, how these chairs developed until the tum of
the ceatury. Two of the four stars were dircctors of an institute and thereore
responsible for experimental physics as well. In 188 & successor canve for Helem-
holtz, August Kundr, a coavinced experimentalise. For Clausius in Boan Hein-
rich Hertr came in 1889, who wocked both on experimental and theoretical
physics with the grostcst success. But Hestz died young and Helnrich Kayses
was appointed, who made the institute an experimental center of .

When Ludwig Boltzmann went back to Vienna in 1894, his chair in Munich
was cancelied. So altogether three chairs got lost for experimental physics until
the ead of the ceatury. Only onc of the * four stars ™ got again a thearetical
physicist a3 successor: when Kirchhodf dicd, Planck was called to Berlin, where
be worked from 1889 for more than five decades. In his memoirs Planck gave
a0 instructive description of the anitede of his collegues towards theoretieal
physics.

The full professor of physics at the techical hi , 4 peofound

Simieniabint, yes Civgs iy B b o o a.mm:fgm he
mg;}r’d“ﬁl;k[’ -q-rﬁuw};ll;ﬂuhfrm ide e caly theouercian, o iy
& physicist sui genceis [..] 3 assistant professors
kitns of phyves ot eut showeda i

Beside the four * stars ”, there were around 1880 two other clirholders.
In Kbnigsberg old Franz Neamann gave his Jecturcs, fa Gattingen Benedice
Listing. Until the cad of the century both men were replaced again by thearetical
‘physicists, $o in 1900 from aktogethes 35 chairs or full professorships in physics
in the whole Raicd, only thoee were for theorstical physics. Belin with Planck,
Guutingen with Voige and Kéalgsberg with Volkmann, In his lener of 1898,

(30 . Win, * Helmbols als Physiber ™, ks, 3, 1921, 04690,
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which 1 quoted in the beginalag of my talk, in which Wilkelm Wien segreteed
that there were oaly two full professorships, he had forgoten the chair in

berg.

All the athet associate professors, offichlly nominated for theoretical
physics, did not count very much, for the first reason, that in the acudemic
hisrazchy of Imperial Germany an assochate professor was just aothiog, snd for
the tecond reason that these mwsociate professors for theoretical physics were
so¢ zeal theorericians. They only waited for a position which would enable them
to do experimental physics. Since gencrally the full professors worked on expe-
rimental and the associated professor on thearctical physics, very often the per-
sonal hiersrchy was extended to the Gelds. Experimental physics bold the first
position and theoserical physics the subordinated sccond.

2. Twe 20TR CENTURY

I now come to the 2h century, but I will deal oaly with the first three
decades.

The situstion changed rathee rapidly in the fiest years of the 20th century.
1n 1915 thete were already nine chais (23). The role of theazcrical physics and
the opinion about thisfckd changed spldly, whea fom 1906 onwacds, quanum
principles and the special theory of elatvity gaioed geneea lterst. As Nermst
said in 1910, physics was “in the midst of sevolutionary changes in the fuada-
‘mentals ”, and it was obvious, that theoretical physicists — Planck, Einstein,
Lorenty — played s decisive sole.

Within 4 few peass Einstein gaincd a high reputation, which was also a
tepuation for his field. Already easly in 1908 Johannes Stark wished to. oo
Binsiein fox & professorhip in theotctical physics; his first appointment as
ciate professor was at Zurich waiversiry in October 1909, Abaut this time s
read & meview paper at the Congress of the Gesellschaft Deutscher Naturfuesche
und Arzie on the quintum concept. Planck, acting as chearman, saised abjec-
tions agalnst some of Einstein's ides, but undoubtedly he treated young Elnsteln
with the greatest zospect. Abouta hundred physicists were sitting in the sudience,
amongst them Max Bom, Max yon Laue, Lise Meitaer, Amold Sommerfcld.
Many of them rccalled lnter that it was 4 sort of official recogrition of Einstein's
Jeadeeship i scicace (24).

1n April 1911 Einstein was nominated full professor in Praguc. The whole
intellpgrmtzia of the ety came to his inauguatiog lectuse, and the biggest lecture
hall in the nmms.zy was occupied until the last seat (25). All educated people
were extremely interested; they had beacd, that Hinstein had achieved aew.

. Louse,
3.‘3,\ e ot e oy dpp-rpig, bl M 1971, G
e B ST, M, ikt Mchen 1980, 31




=

insight into space and time and that this new insight contradicted Immanuel
Kant.

Tn 1914 Einstein gor the highest pesition available for s scholar in Imperial
Germany, He became full member o the Royal Prossian Acsdemy. Additionally
was nominsted direetos of a new Kaiser-Wilkelm-lostitue for Physics. In
his inauguratien lecture at the academy Binseein spoke, as already mentioned,
about the two tasks of the thearetical physicise. The first task is to find tho basie
principles, and the method is called induction. The second task is to daw
all the canclusions from the principles. For this second task, called deduction,
the theoretician is well prepared, and here, provided cnough pains and brains,
be will pot fall. Otherwise with the first sk, with induction:
neral methnd exists, which could be studicd and applicd systerra
SRAIE T8 soptarche k-t Hett omrmball s otk O e sl
principles, by realisng at e slnmu of phenvmena ceetain geneeal features,
Wit can ba formulated ciarty {

“The new theoretical physics: inclodes the ‘old mathematical physics, but
g0gs — with Binstein's: st task — far beyond in accomplishing what philo-
sophy and eplstemology of earlier times had wanted to achieve. Theoretical
physics really developed to the central and basic disciplioe of all the sciences.
“People complain wroagly, that we doo't have philosophers today ", Adolf
von Harmck said: “ They ate now oaly in another faculty, and their names arc
Planck and Einstein ” (27).

Imumediately aftee the First Workl War Einssein's. general theory of relati-
vity gained public interest, and at the same time the atomic model of Nicls Bohr
mulated hopes that it wonld be possible to understand the stracture of the

atom, Especially the younger people felt enthusiasm, The dooe is open into
ew wrodds, they wese convinced, and now it would be possible to-understund
macrocosm and microcosm.

Masy talented young men wene attoaczed by theoreical physics-and found
thelr way into this discipline, amoag them Wemer Heiseaberg and Walfgang
Pali, Flow was It possible, that theoretical physics developed so mapidly in
these postwar years? Thomas S, Kuho had posed this question. In his answer
Heisenberg explained that thooretical physics was the great armction for well-
gifted: people:

Iim porscrally conwinged ehat the number of otcreated In-goi-

bably about the same all the time, in any cennury. [.] 1 wo »m
very well in century i or [.-]
sculptore, hteenth century they went into music and brumz
Maorarts a

e [} Therefore, 1 would say, . the wel-gifed pe u?k rea-
lized dhat something wes j this wis my situation
when T o mathematics maty
e physm hon 1 had mead a few books oa

oot developmeat, whea 11ad teen the book of Wepl o4 seltivity sod =
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populac lecture of Sommerfeld on atoms, then 1 felt this is 4 fild where Ieould
ry to do something (25).

Really the ** well-gifted people ” came into the ficld, and gathered around
Semmerfeld in Munich, Bohs in Copeahagen and from 1921 oawards also in
Gettingen around Bomn and Fanck, When 3 teal quanmm mechanics was
ermablighed from 1925 to 1927, a geeat number of problems could be solved
simply by dedoction from the aew peiacipies. This was task number rwo, defin-
cd by Einstein, in which the theoretical physicist could mﬁupm.am :uulqgh
pains and brains, Helsenberg called the years fram 1927 to 1932 the * golden
age of atomic physics ", and T quote from his recollections: * Everyone who
wanted to do research, 1o collaborate, to pick from the fmusofdngudﬂ:
could find numerous problems, uasolvable before, which could now be mekled
by the new methods ™ (29).

The field continued to be the great atraction for young people. Despised
in the 19th centuty, theoretical physicists had won the highest prestige. In
their recollections many of them described, that they felt o beloag 1o an elite,

1 now come to the end of my talk with a few remarks abour the years 1933
t0 1945, When the Nazis took over power in Germany, prejudices became part
of the offiial idealogy aod policy.

From 1920 onwazde sooc cxperimental physicises had developed a ressen-
timent: they seyarded it a great danger for science, that their physics, experimen-
tal physics, had been placed scoond rank, and that young men were praised s
great physicists, who had never taken an apparstus into their hands. Tn the
wave of anti-scaitism, which began also immediarely after the First World
Wi, the two prejudices combined, the prejudice against the Jews, and against
theatetical physics. Philipp Lenard and Johannes Stark developed i :dm
They explained that there is an Aryan ot Geeman method ia physics, the
simental method, which is the enly real and good method. And they e
what they thought to be the wrong sad Jewish method of formal construction
of absteace and bloodless theories. Many physicists laughed abour Surk snd
YLenard, but when the Nazis came into powes, everyone realized theit close con-
nections to the Governement and the Pacty. Theorcrical physics was heavily
anacked in official joumals (30). The sumbers of students, who enrolled in this

decreased rapidly.

Luckily the Nazis weee ot much latcrested in science, and thercfore only
the new developments in the arts but not in physics were ofcially banned as
* degenersted ", But this is not my topic today. 1 juse wanted to show the ups
and downs of a discipliae, theorctical physics.
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